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Stomach cancer remains the second leading cancer in
incidence in Shanghai, China, despite its decline over the past
2 decades. To clarify risk factors for this common malignancy,
we conducted a population-based case-control study in Shang-
hai, China. Included in the study were 1,124 stomach cancer
patients (age 20-69) newly diagnosed in 1988-1989 and 1,451
controls randomly selected among Shanghai residents. Usual
adult dietary intake was assessed using a comprehensive food
frequency questionnaire. Adjusted odds ratios (ORs) and 95%
confidence intervals (Cls) were estimated using logistic regres-
sion models. Risks of stomach cancer were inversely associ-
ated with high consumption of several food groups, including
fresh vegetables and fruits, poultry, eggs, plant oil, and some
nutrients, such as protein, fat, fiber and antioxidant vitamins.
By contrast, risks increased with increasing consumption of
dietary carbohydrates, with odds ratios (ORs) of 1.5 (95%
confidence interval [CI] 1.1-2.1) and 1.9 (95% CI 1.3-2.9) in
the highest quartile of intake among men (p for trend = 0.02)
and women (p = 0.0007), respectively. Similar increases in
risk were associated with frequent intake of noodles and
bread in both men (p = 0.07) and women (p = 0.05) after
further adjustment for fiber consumption. In addition, ele-
vated risks were associated with frequent consumption of
preserved, salty or fried foods, and hot soup/porridge, and
with irregular meals, speed eating and binge eating. No major
differences in risk were seen according to subsite (cardia vs.
non-cardia). Our findings add to the evidence that diet plays a
major role in stomach cancer risk and suggest the need for
further evaluation of risks associated with carbohydrates and
starchy foods as well as the mechanisms involved. Int. J.
Cancer 76:659-664, 1998.
© 1998 Wiley-Liss, Iné.

(770 men and 354 women) patients (65.3%) included in the
analysis, 52.1% were confirmed by histology and 47.9% by other
diagnostic methods including surgery, endoscopy, X-ray and ultra-
sound. Controls were selected among permanent residents of
Shanghai, frequency matched to the expected distributions of cases
by age (5-year category) and sex. Of the 1,692 eligible controls
randomly selected from the Shanghai Resident Registry files, 1,451
(819 men and 632 women) were interviewed, yielding a response
rate of 85.8%.

Each subject was interviewed in person by trained interviewers.
A structured questionnaire elicited information on demographic
and socio-economic conditions, diet, cigarette smoking, alcohol
drinking, history of selected diseases, family history of cancer,
occupation and other factors. Questions on dietary factors included
preference for selected cooking methods and eating habits, as well
as usual food intake 10 years before diagnosis for cases or before
the date of interview for controls. Frequency and amount of intake
for 74 commonly consumed food items and frequency of intake of
10 preserved items were obtained. These items account for over
80% of food intake in Shanghai residents. Consumption of seasonal
vegetables and fruits was assessed on the basis of average intake
during the relevant period of the year. Frequency of intake of
selected food groups was examined by combining related food
items (Table I). Since few individual food items had missing values
on the frequency of intake (only 19 subjects had 1-2 missing values
from the 74 food items and 20 subjects had 1-7 missing values
from preserved food items), they were treated as zero intake when
being summed into a food group. Quantitative estimates of
nutrients in each food were based on food tables derived from the
Chinese Food Composition Tables (Chinese Academy of Medical

Stomach cancer is the second leading malignancy following lusgtiences, 1991). Total intake of each nutrient was summed over all
cancer among men and breast cancer among women in Shangiaaids consumed.

with age-standardized annual incidence rates of 50.1 and 23.2 ; iabl £f ientintak i ;
100,000 in 1987-1989, respectively (&nal., 1993). The rates bontlnuous variables of food or nutrient intake were divided into

(IAfpendix Il for nutrient intake). Risk of stomach cancer associated
ith dietary factors was estimated by odds ratios (ORs) and 95%
confidence intervals (Cls), using unconditional logistic regression
models (Breslow and Day, 1980). Dose-response relations were
examined by test of linear trends on categorical variables. All ORs
were adjusted for age, monthly familyer capitaincome and

%ucational level. In addition, ORs for men were further adjusted

1996). In the present study, we examine the role of dietal
practices.

MATERIAL AND METHODS

The materials and methods for this study have been describe®
detail elsewhere (&t al.,1996). Briefly, stomach cancer patients,
aged 20-69, newly diagnosed between December 1, 1988 and———

November 30, 1989, were identified among permanent residents gfCorrespondence to: National Cancer Institute, 6130 Executive Blvd,
the 10 urban districts of Shanghai. Of the 1,722 eligible patients? N ‘.1|_1.565°Ck"c'j"e' MD 2.2852' USA. Fax: (301) 402-1819.

353 (20.5%) died before interview, 153 (8.9%) moved away, 1 y mail- Jlo@epndce.nct.nih.gov

(1.1%) refused to participate and 73 (4.2%) were excluded because

only clinical diagnostic information was available. Of the 1,124 Received 11 November 1997; Revised 26 January 1998
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TABLE | — FOOD GROUPS

Food groups Description

Preserved vegetable foods Salted moldy dried vegetables, salted vegetables, hot pickled mustard stem, fermented bean-curd
Preserved animal foods Cured meat, sausages, salted egg, preserved limed duck eggs, salted pork, salted fish

Red meats Pork chops, pork spareribs, pig feet, fresh pork (fat, lean or combination), beef, mutton
Organ meats Pork liver, chicken liver, other animal organs

Poultry Chicken, duck

Fresh fish Sea fish, fresh water fish, eel, shrimp, crab

Eggs Eggs, excluding salt or other preserved eggs

Rice Any rice

Noodles and bread Noodles, bread/steamed bun

Yellow/green vegetables  Shanghai bok choy, Chinese cabbage, spinach, peapods, green peas, green beans, green broad beans, red and
green peppers, carrots, sweet potatoes
Cruciferous vegetables Shanghai bok choy, cabbage, Chinese cabbage, cauliflower, radish (white)

Allium vegetables Onion/garlic, Chinese chives
Soybean products Soy bean milk, bean curd, fried bean curd, other bean products
All vegetables Shanghai bok choy, spinach, cabbage, Chinese cabbage, cauliflower, celery, bean sprouts, eggplant, wild rice

stem, pea pods, green peas, green beans, green broad beans, celtuce, sweet potatoes, white gourd, cucumber,
radish (white), carrots, mushrooms, red and green peppers, tomato, bamboo shoot, lotus root, luffa or sponge
gourd, onion and garlic, Chinese chives, ginger, kelp and seaweeds

Soy bean milk, bean curd, fried bean curd, other bean products

Fresh fruit Apple, pea, orange and tangerine, water melon, banana
Plant oil Rapeseed oil, bean oil, sesame oil
Animal fat Lard

for cigarette smoking and alcohol drinking, confounding factord). No association was apparent with intake of rice or noodles/
that are common among Chinese men but not among Chindsead. Animal fat was not associated with risk, but intake of plant
women (only 8% of women smoked, and 3% drank alcohalil significantly reduced the risks in both mep <€ 0.001) and
regularly). ORs for nutrients were adjusted for total caloric intakgvomen p = 0.005).

using the standard method (Kipresal., 1993) for micronutrients  gypsite analyses revealed no consistent or statistically significant

and the residual method (Willett and Stampfer, 1986) for macrongfitterences in risk between cardia and non-cardia tumors across
trients. Risks were assessed for all stomach cancers combined @\‘@S of intake of food groups or food items (data not shown).

by subsite (cardia and non-cardia).

Nutrients
RESULTS Total caloric intake was inversely related to risk of stomach
Compared with controls, patients were slightly older (media@ancer among mem(= 0.002) but not women (Table Il). In both

age 61 years for cases and 59 years for controls) and tended to H&g® and women, risks declined significantly with increasing intake
lower monthly income (41% of cases.30% of controls with an Of protein and fats after further adjustment for caloric intake, while
averageper capitaincome of 22 Chinese Yuan/month or less) an¢isks remained elevated with increasing carbohydrate intake. By
less education (61% of cases. 43% of controls with primary contrast, intake of dietary fibers (mostly from carbohydrate-rich
school or lower education). Among men, 18.8% of gastric tumofgods such as grains, fruits and vegetables) was inversely related to
arose in the cardia, 68.9% in non-cardia stomach and 12.3% inrégks. Reduced risks were also associated with intake of several
unclassified subsite. Among women, the corresponding distributidietary vitamins examined in our study, including ascorbic acid,

was 11.3%, 72.6% and 16.1%. carotene, riboflavin, vitamin A and vitamin E.
Rice and noodles/bread are major sources of both carbohydrates
Food groups and fibers. When adjusted for dietary fibers, the risks for noodles/

Intake of preserved foods, particularly preserved vegetables, wasad resembled those for carbohydrates, with ORs among men of
associated with an elevated risk of stomach cancer among womér2, (95% CI 0.8-1.6), 1.2 (0.9-1.6) and 1.5 (1.1-2.0) in the upper 3
but not men (Table II). Of the fresh animal food groups, poultrguartiles, respectivelyp(for trend= 0.07). Among women, the
intake was inversely related to risk in both mep f{or corresponding ORs were 1.3 (0.9-1.9), 1.7 (1.1-2.4) and 1.5
trend= 0.0005) and womermp(= 0.15), with a 20—30% reduction (0.9-2.3;p for trend= 0.05). Given the homogeneity in frequency
in risk in the highest quartile of intake. Risk also was reduceof rice intake in Shanghai (usually 3 meals a day), we estimated
40-50% among those with the highest quartile of egg consumptirisks according to the amount of rice consumed per day. Similarly,
(pfor trend= 0.001 for men and 0.003 for women). No associatioafter adjustment for dietary fibers, ORs were 1.3 (95% CI 0.9-1.9,
was seen for fresh red meats, organ meats or fish. p for trend= 0.5) and 1.8 (95% CI 1.1-2.5,for trend= 0.07) in

Consumption of various fresh vegetables tended to be inverséig highest levels of rice consumption among me®Q0 gr/day)
related to risk, especially in the highest quartile of intake (Table II3nd women 450 gr/day), respectively, relative to those in the
However, significant trends were seen only for yellow-greelowest levels of intake (400 gr/day for men and 350 gr/day for
vegetables, soybean and soy products and total vegetables amwagien). By contrast, risks associated with intake of rice and
men, with the greatest reduction (60%) among those with tm@odles/bread were reduced slightly, but not significantly, after
highest consumption of total fresh vegetables. No significant trenadjustment for carbohydrates. The excess risks associated with
with vegetable intake were seen among women. Of all food grouphetary carbohydrates and starchy foods were not substantially
the risk reduction was most pronounced for fresh fruits. The ORdtered after further adjustment for birthplace (born in Shanghai
were 0.7, 0.7 and 0.4 in the 2nd, 3rd and 4th quartiles of intalkdsewhere) or intake of fresh vegetables and fruits and other
among meng < 0.0001); and 0.7, 0.6 and 0.5 in the correspondingelected dietary factors (data not shown).
quartiles among womei (= 0.0006). Subsite analyses revealed no consistent or statistically significant

Little variation was seen in the frequency of rice consumption idifferences in risk associated with nutrient intake across levels of
this population, hence only 2 levels of intake were formed (Tablatake (data not shown).
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TABLE Il — ODDS RATIOS (OR) AND 95% CONFIDENCE INTERVALS (Cl) OF STOMACH CANCER IN RELATION TO QUARTILES (Q) OF FOOD GROUP CONSUMPTION
BY SEX, SHANGHAI, CHINA (1988-1989%)

Men pfor Women p for
Q1 (low) Q2 Q3 Q4 (highy ~ trend Q1 (low) Q2 Q3 Q4 (high)  trend
Preserved vegetable foods 1.0 0.9 1.0 0.9 0.54 1.0 1.7 1.9 1.9 0.002
(0.7-1.2) (0.8-1.4) (0.7-1.2) (1.1-2.5) (1.3-2.8) (1.3-2.8)
Preserved animal foods 1.0 0.8 0.8 0.8 0.10 1.0 1.8 14 13 0.44
(0.6-1.1) (0.6-1.1) (0.6-1.0) 1.3-2.7) (0.9-2.0) (0.9-2.0)
Fresh red meats 1.0 0.9 1.1 0.9 0.61 1.0 0.9 0.9 0.8 0.35
(0.7-1.2) (0.8-1.4) (0.6-1.2) (0.6-1.3) (0.6-1.3) (0.6-1.2)
Organ meats 1.0 11 1.1 0.70 1.0 0.8 1.3
(0.8-1.4) (0.8-1.3) 0.6-1.2) (0.9-1.7)
Poultry 1.0 1.0 0.6 0.7 0.0005 1.0 0.9 0.9 0.8 0.15
(0.7-1.3) (0.5-0.9) (0.5-0.9) (0.6-1.4) (0.6-1.3) (0.5-1.1)
Fish 1.0 1.0 0.9 0.8 0.21 1.0 11 1.0 0.9 0.48
(0.7-1.3) (0.7-1.2) (0.6-1.1) (0.8-1.6) (0.7-1.5) (0.6-1.3)
Eggs 1.0 0.8 0.9 0.6 0.001 1.0 1.0 0.8 0.5 0.003
(0.6-1.0) (0.7-1.1) (0.4-0.8) (0.7-1.5) (0.6-1.1) (0.4-0.8)
All vegetables 1.0 0.7 0.7 0.4 <0.0001 1.0 9 0.9 0.7 0.09
(0.5-0.9) (0.6-1.0) (0.3-0.5) (0.6-1.3) (0.6-1.3) (0.5-1.1)
Yellow/green vegetables 1.0 0.8 0.8 0.5 0.0001 1.0 0.7 0.9 0.7 0.08
(0.6-1.1) (0.6-1.1) (0.4-0.7) 0.5-1.0) (0.6-1.2) (0.5-1.1)
Cruciferous vegetables 1.0 11 0.9 0.8 0.07 1.0 1.1 11 0.8 0.20
(0.8-1.4) (0.7-1.2) (0.6-1.1) (0.8-1.6) (0.7-1.5) (0.5-1.1)
Allium vegetables 1.0 1.3 11 0.8 0.08 1.0 0.9 0.8 0.8 0.58
(0.9-1.7) (0.8-1.5) (0.6-1.1) 0.6-1.3) (0.6-1.2) (0.5-1.2
Soybean and products 1.0 0.9 0.7 0.5 0.0001 1.0 1.2 1.2 0.8 0.26
(0.6-1.1) (0.5-1.0) (0.4-0.7) (0.9-1.7) (0.8-1.8) (0.5-1.1)
Fresh fruits 1.0 0.7 0.7 0.4 <0.0001 1.0 0.7 0.6 0.5 0.0006
(0.5-0.9) (0.5-0.9) (0.3-0.6) (0.5-1.1) (0.4-0.9) (0.3-0.8)
Rice 1.0 1.0 1.0 1.2
(0.8-1.3) (0.7-2.0)
Noodles and bread 1.0 11 1.0 11 0.38 1.0 12 14 1.2 0.13
(0.8-1.5) (0.8-1.4) (0.9-1.5) (0.9-1.7) (1.0-2.0) (0.8-1.8)
Animal fat 1.0 1.6 15 1.0 0.44 1.0 1.2 0.9 1.2 0.20
(1.0-2.5) (1.1-1.9) (0.8-1.3) (0.6-2.5) (0.7-1.4) (0.9-1.7)
Plant oil 1.0 0.8 0.6 0.7 0.001 1.0 0.9 0.6 0.6 0.005
(0.6-1.1) (0.4-0.8) (0.5-0.9) (0.6-1.3) (0.4-0.9) (0.4-0.9)

1Adjusted for age, income, education, smoking (males only) and alcohol drinking (males @dya-are ORs, with 95% Cls in parentheses.

TABLE Il — ODDS RATIOS (OR) AND 95% CONFIDENCE INTERVALS (Cl) OF STOMACH %ANCER IN RELATION TO QUARTILES OF NUTRIENTS BY SEX, SHANGHAI,
CHINA (1988-198

Men pfor Women pfor
Q1 (low) Q2 Q3 Q4 (high) trend Q1 (low) Q2 3 Q4 (highy ~ trend
Total calories 1.0 0.8 0.7 0.6 0.002 1.0 1.0 0.8 1.1 1.0
(0.6-1.0) (0.5-1.0) (0.5-0.8) (0.7-1.5) (0.5-1.2) (0.7-1.6)
Protein 1.0 0.9 0.6 0.7 0.003 1.0 0.9 0.7 0.6 0.01
(0.7-1.2) (0.5-0.9) (0.5-0.9) (0.6-1.3) (0.5-1.0) (0.4-1.0)
Fat 1.0 0.8 0.7 0.7 0.07 1.0 0.6 0.6 0.6 0.006
(0.6-1.1) (0.5-1.0) (0.5-1.0) (0.4-0.9) (0.4-0.9) (0.4-0.8)
Carbohydrates 1.0 1.1 1.1 1.5 0.02 1.0 0.9 1.1 1.9 0.0007
(0.8-1.5) (0.9-1.6) (1.1-2.1) (0.6-1.4) (0.7-1.7) (1.3-2.9)
Dietary fibers 1.0 1.2 0.9 0.6 0.002 1.0 0.8 0.6 0.6 0.007
(0.9-15) (0.6-1.2) (0.4-0.8) (0.6-1.2) (0.4-0.9) (0.3-0.9)
Ascorbic acid 1.0 11 0.6 0.5 <0.0001 1.0 0.8 11 0.7 0.40
(0.8-1.4) (0.5-0.8) (0.3-0.7) (0.6-1.2) (0.8-1.7) (0.5-1.1)
Carotene 1.0 0.7 0.6 0.4 <0.0001 1.0 1.2 0.7 0.7 0.02
(0.5-0.9) (0.5-0.9) (0.3-0.6) (0.8-1.7) (0.5-1.0) (0.5-1.1)
Riboflavin 1.0 0.7 0.7 0.4 <0.0001 1.0 0.9 0.8 0.5 0.003
(0.5-0.9) (0.5-0.9) (0.3-0.6) (0.6-1.3) (0.5-1.2) (0.3-0.9
Vitamin A 1.0 0.9 0.8 0.7 0.02 1.0 1.1 0.8 0.8 0.22
(0.7-1.2) (0.6-1.1) (0.5-1.0) (0.8-1.6) (0.6-1.2) (0.5-1.3)
Vitamin E 1.0 0.6 0.6 0.5 <0.0001 1.0 1.0 0.7 0.5 0.0002
(0.4-0.7) (0.5-0.8) (0.3-0.7) (0.7-1.4) (0.5-1.1) (0.3-0.8)

1Adjusted for age, income, education, smoking (males only), alcohol drinking (males only) and total caloriesD&tkeare ORs, with 95%
Cls in parentheses

Eating preferences 2-fold with frequent consumption of fried foods and declined
Risks of stomach cancer rose with increasing frequency of inta#8—50% with frequent intake of raw and fresh foods. No associa-

of salted foods and preference for increasing saltiness (Table I¥ipn was found for smoked foods.

particularly for non-cardia tumors (OR 1.8, 95% CI 1.3-2.7). In Several eating patterns were also associated with 2- to 4-fold

addition, risks for both cardia and non-cardia tumors increasegcess risks, including preference for burning hot soup/porridge,
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TABLE IV — ODDS RATIOS (OR) AND 95% CONFIDENCE INTERVALS (CI) OF STOMACH CANCER IN RELATION TO PREFERENCE OF EATING HABITS BY SUBSITE OF
STOMACH CANCER, SHANGHAI, CHINA (1988-1989)

Overall stomach Cardia Distal
Control
Cases OR 95% CI Cases OR 95% CI Cases OR 95% CI

Consume salted foods

Occasionally 188 98 1.0 18 1.0 57 1.0

Sometimes 1,079 843 1.4 (1.1-1.9) 135 1.2 (0.7-2.1) 502 15 (1.1-2.0)

Frequently 187 181 17 (1.3-2.4) 23 11 (0.5-2.0) 112 1.8 (1.3-2.7)

p for trend 0.001 1.0 0.002
Preference for saltines

Low salty 1,022 717 1.0 114 1.0 431 1.0

Somewhat 407 382 1.3 (1.1-1.6) 55 11 (0.8-1.6) 229 13 (1.1-1.6)

Very salty 11 18 2.3 (1.0-4.9) 6 4.3 (1.5-12.5) 7 15 (0.6-4.0)

p for trend 0.0005 0.10 0.008
Fried foods

Occasionally 215 153 1.0 27 1.0 389 1.0

Sometimes 1,143 838 11 (0.9-1.4) 130 1.0 (0.7-1.6) 515 12 (0.9-1.5)

Frequently 88 131 2.3 (1.6-3.2) 19 2.1 (1.1-4.2) 67 2.0 (1.3-3.0)

p for trend 0.0001 0.09 0.004
Smoked foods

Occasionally 455 458 1.0 64 1.0 230 1.0

Sometimes 968 704 0.9 (0.7-1.1) 110 0.9 (0.7-1.3) 423 0.9 (0.7-1.2)

Frequently 22 30 1.6 (0.9-2.8) 2 0.6 (0.1-2.8) 18 17 (0.9-3.2)

p for trend 0.53 0.55 0.79
Raw and fresh foods

Occasionally 973 826 1.0 134 1.0 487 1.0

Sometimes 270 192 0.9 (0.7-1.1) 26 0.7 (0.5-1.1) 121 0.9 (0.7-1.2)

Frequently 197 99 0.6 (0.5-0.8) 15 0.5 (0.3-1.0) 59 0.6 (0.4-0.8)

p for trend 0.0001 0.02 0.003
Hot soup or porridge

Not hot 307 182 1.0 23 1.0 116 1.0

Sometimes 843 597 12 (1.0-1.5) 90 1.4 (0.8-2.3) 346 11 (0.9-1.4)

Burning hot 281 330 19 (1.5-2.5) 61 2.9 (1.7-4.9) 200 1.9 (1.4-2.5)

p for trend <0.0001 <0.0001 <0.0001
Irregular meals

Never 1,123 661 1.0 112 1.0 391 1.0

Somewhat 245 297 2.0 (1.6-2.4) 32 1.2 (0.7-1.8) 181 2.1 (1.7-2.6)

Frequently 71 159 3.6 (2.7-4.9) 31 4.0 (2.4-6.5) 95 3.7 (2.7-5.2)

p for trend <0.0001 <0.0001 <0.0001
Speed of eating

Moderate 614 312 1.0 34 1.0 206 1.0

Slow 207 101 1.0 (0.7-1.3) 11 11 (0.5-2.2) 61 0.9 (0.7-1.3)

Fast 619 704 2.0 (1.8-2.5) 130 3.8 (2.5-5.7) 400 1.8 (1.5-2.2)

p for trend <0.0001 <0.0001 <0.0001
Binge eating

No 1,259 831 1.0 126 1.0 499 1.0

Yes 175 280 25 (2.0-3.1) 48 3.0 (2.0-4.4) 164 24 (1.9-3.1)

1Adjusted for age, sex, income, education, smoking and alcohol drinking.

frequent irregular meals, fast eating and binge eating. The excassociation we found with intake of total fat and plant oil (a main
risks associated with preference for hot soup/porridge and spesuhtributor to total fat) in this population may be related to the high
eating were greater for cardia than non-cardia tumors (Table 1V).content of vitamin E, another antioxidant (Mirvish, 1996). Our
Further adjustment for other potential confounding factors, sudiiding of an inverse association with dietary fibers was largely
as green tea drinking, physical activity, body mass index amplained by the reduced risks associated with fruits and veg-
occupation, did not affect the associations with food group argdables.
nutrient intakes. In addition, risks were consistent by diagnostic Other food groups associated with risk reduction in our study
status of cases (pathologic confirmatios. other methods of included poultry and eggs. In China, frequent consumption of
diagnosis) (data not shown). Information on the Lauckassifica- poultry and to some extent eggs may be an indicator of affluent
tion of pathology (diffusevs.intestinal type) was not available for jifestyle, since poultry is considered superior to and is more
analyses in our study. expensive than other common animal foods. Likewise, eggs are
often consumed as supplemental foods for their nutritional value.
DISCUSSION The inverse associations found for these food groups in our study,
therefore, may be confounded by the relation of low socio-
Dietary factors are generally considered to play a major role #gconomic status to stomach cancer risk (Nomura, 1996). Although
gastric carcinogenesis (Nomura, 1996; WCRF, 1997). Most consige adjusted for family income and educational levels, there may
tent has been the reduced risk associated with consumption of frstih be residual confounding by these variables or other unmea-
vegetables and fruits, as we and others have observed (Ruiaktj sured risk factors related to socio-economic status. The reduced
1989; Tuynset al.,1992; Hoshiyama and Sasaba, 1992; keal., risks associated with high intake of poultry and eggs also were
1995). Our study and others (La Veccleigal.,1994; Zhanget al., reflected, in part, in the inverse association with protein consump-
1997) have also suggested that the protective effect of vegetaliles in our study. However, we did not find associations with intake
and fruits is related in part to the concentration of antioxidamf other animal foods, such as fresh red meats and fish. High
vitamins, which may block the intragastric formation of carcinoeonsumption of fresh meats has been associated with reduced risks
genic N-nitroso compounds (Mirvish, 1996). Similarly, the inversgn some studies (Hirayama, 1971), while others have reported a
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positive association (Buiatt al.,1989; Wu-Williamset al.,1990; were mainly related to non-cardia cancer, while preference for
Wardet al.,1997). burning hot soup/porridge or fast eating were mainly linked to
By contrast, high intake of preserved animal and vegetable fooggrdia cancer. Given the divergent incidence trends for cardia and
has been consistently linked to stomach cancer risk (bal., non-cardia gastric cancers in some populations (Blatl., 1991),
1988; Hoshiyama and Sasaba, 1992; eeal.,1995). These foods further study of the dietary associations by subsite appears
contain high levels of N-nitroso compounds and salt, which afarranted.
believed to play a role in gastric carcinogenesis. The increased risk@\lthough our findings are consistent with most previous studies
we observed with high intake of preserved foods, particularlyf stomach cancer, several potential limitations of our study should
preserved vegetables among women, and with salted foods in bbth noted. While the participation rate among the controls was
sexes are consistent with previous observations (Tuyns, 1988atively high (86%), only 65% of the eligible cases participated.
Buiatti et al., 1989; Hoshiyama and Sasaba, 1992). By contrast, v@nce there was generally a 1-month delay between diagnosis and
found no significant association with consumption of smokeidterview for cases, a few (9%) had moved away and could not be
foods, suggesting that the salt and nitrates/nitrites used for fowelced. The main reason for non-participation among cases was
preservation rather than preserved fopds seare the likely risk death (21%), thus raising the possibility of survival bias. If the
factors. identified risk factors also affected survival from stomach cancer,
A positive association with dietary carbohydrates or starchfien exclusion of deceased cases may underestimate the true risks
foods has been reported in several studies of stomach cancer (RRg$Pciated with these factors. On the other hand, selection bias,
etal.,1985; La Vecchiat al., 1987; Youet al., 1988; Tuynset al., Which tends to shift the risk estimates away from unity, should be
1992; Hoshiyama and Sasaba, 1992), but not in others (Jatob&inimal since only a small percentage of subjects refused to
al., 1995). The excess risk associated with starchy foods suchrasticipate. Efforts were made to minimize potential recall bias in
rice and noodles/bread in our study could not be explained Bgrious ways, including extensive training of interviewers, use of a
education, income, birthplace, intake of fresh vegetables and frugigndardized questionnaire and ascertainment of usual diet 10 years
or other dietary factors, although residual confounding by theseRjiior to interview. While 48% of the cases were diagnosed by
other unmeasured variables remains possible. The mechanisnigthods other than histological confirmation, exclusion of these
which high consumption of carbohydrates accompanied by Io¥@Ses did not alter our main findings.
protein intake may increase the risk of stomach cancer is unclearCertain variables relevant for gastric cancer etiology were not
but several possibilities have been suggested, including physicallected in our study, including carriage bielicobacter pylori
irritation (especially from rough whole-grain cereals), reduction iand Lauf@ classification of histologic type. AlthougH. pylori
gastric mucin, and lowering of gastric pH with promotion ofinfection is an established risk factor for stomach cancer in many
acid-catalyzed nitrosation (Nomura, 1996). populations (IARC, 1994), a prospective study in Shanghai was not
Increased risks of stomach cancer have been linked to eleva@éde to detect an association (Weleb al., 1996), so that a
consumption of high-temperature cooked foods in some studig@nhfounding or modifying effect would be difficult to detect. While
(Hoshiyama and Sasaba, 1992; Watal., 1997), but not all (Lee it has been suggested that certain dietary associations vary between
et al., 1995; Zhanget al., 1997). High-temperature cooking of diffusevs.intestinal tumors (Harrisoat al., 1997), dietary data by
foods7 particu|ar|y meats, produces a variety of mutagenic aﬁ@ﬁ La_ur(m ClaSS'|f|.Cat|0n are ||m|ted, and our Study was not able to
carcinogenic compounds that may promote the developmentséted light on this issue.
colon and other cancers (de Meester and Gerber, 1995). Thén conclusion, our population-based case-control study of stom-
moderately elevated risk associated with frequent consumptionaath cancer in Shanghai confirmed previous reports of protective
fried foods in our study seems consistent with a role for pyrolysiffects associated with high consumption of fresh vegetables and
compounds in gastric carcinogenesis, but further studies dreits and a number of antioxidant vitamins, and elevated risks
warranted. associated with high intake of preserved and salted foods. The
Our study also suggested that eating habits may be linked R@sitive association seen with intake of carbohydrates and starchy
excess gastric cancer risk, including preference for burning H®ods warrants further investigation in other populations. Relation-
soup/porridge, frequent irregular meals, fast eating, and history ips to food groups and nutrients were generally similar for cardia
binge eating. While consumption of foods at high temperature hagd non-cardia tumors of the stomach. Our findings provide further
been linked to stomach cancer in one case-control study (Edidence that diet plays a major role in the development of stomach
Vecchia et al., 1990), other eating habits have seldom beegancer and indicates the need for additional research to clarify the
examined. Since these variables may be especially prone to re&igls associated with carbohydrate and starchy foods, as well as the
bias, further studies are needed, particularly in other populationsmechanisms involved.

In a few studies of stomach cancer that examined dietary
associations by anatomic subsite, the risk patterns were similar for
cardia and non-cardia tumors (Wu-Williaresal., 1990; Zhanget
al., 1997). Although our results for food groups and nutrients are The authors thank Drs. S. Wacholder and A. Blair and Ms. G.
consistent with these earlier reports, we found that salted foo@sidley for helpful discussions.
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APPENDIX | — CUTPOINTS FOR QUARTILES OF SERVINGS OF FOOD GROUP
PER MONTH

Food Quartile
group/item Q1 (low) Q2 Q3 Q4 (high)
Preserved vegetable =43 4.4-95 9.6-19.1 =19.2
foods

Preserved animal foods =1.8 1.9-4.5 4.6-10.3 =104
Fresh red meats =85 8.6-16.1 16.2-30.6 =30.7

Organ meats 0 0.1-0.9 =1
Poultry =0.7 0.8-14 1524 =25
=60 6.1-10.7 10.8-17.3 =174
Eggs =43 44-127 128-174 =175

All vegetables =158.9 159.0-210.4 210.5-263#4263.5

(1988). Yellow/green veg- =773 774-98.6 98.7-123.&123.1
. . tables

Tuyns, A.J., Kaaks, R., HAELTERMAN, M. and Reoll, E., Diet and gastric ets

cancer. A case-control study in Belgiumt. J. Cancerb1,1-6 (1992). glrlmcr![f]e\;ggzt\é%gl]:stables sjgg 3; g__g%l 43812—_8529 ngg
WaRD, M., SNHA, R., HeINemaNn, E.F., FoTHMAN, N., MARKIN, R., Soybean and products ;7:5 7:6—12.8 12'.9_2'3.3 2_23:4
WESENBURGER D.D., CorREA, P. and 2w, S.H., Risk of adenocarcinoma  Frash fruits =16 1.7-6.0 6.1-18.0 =18.1
of the stomach and esophagus with meat cooking method and donenesgjcel <90 =90

preferencelnt. J. Cancer,/1,14-19 (1997). Pasta/bread =42 43_9_9 10.0-25.7 =258
Wess, P.M., YU, M.C., FormaN, D., HENDERSON B.E., NeweLL, D.G., Animal fat (g/m) 0 0.1-31.3 31.4-83.3 =834

Yuan, J.M., Guo, Y.T. and Ross R.K., An apparent lack of association
betweenHelicobacter pyloriinfection and risk of gastric cancer in China.

Int. J. Cancer67,603-607 (1996).

=266.7 266.8-470.0 470.1-611%611.2
1Quartiles were not available for frequent intake of rice.

Plant oil (g/m)

APPENDIX Il — CUTPOINTS FOR QUARTILES OF NUTRIENT INTAKE PER DAY (BY SEX)

. . Quartile
Nutrients (unit) -
Q1 (low) Q2 Q3 Q4 (high)

Total calories (kcal)

Men =2394.5 2394.6-2768.7 2768.8-3216.7 =3216.8

Women =1862.8 1862.9-2214.5 2214.6-2581.4 =2581.5
Protein (g)

Men =68.5 68.6-84.3 84.4-101.2 =101.3

Women =53.9 54.0-67.0 67.1-81.0 =81.1
Fat (9)

Men =39.1 39.2-54.4 54.5-72.4 =725

Women =319 32.0-43.8 43.9-59.4 =595
Carbohydrates (g)

Men =404.9 405.0-473.9 474.0-550.4 =550.5

Women =316.3 316.4-384.4 384.5-437.7 =437.8
Dietary fiber (g)

Men =77 7.8-9.8 9.9-12.2 =12.3

Women =6.3 6.4-7.9 8.0-9.8 =9.9
Vitamin C (mg)

Men =48.7 48.8-68.2 68.3-86.0 =86.1

Women =46.8 46.9-58.8 58.9-77.2 =77.3
Carotene (mg)

Men =738.7 738.8-1084.8 1084.9-1533.6  =1533.7

Women =659.0 659.1-1005.0 1005.1-1300.9 =1301.0
Vitamin A (ug)

Men =94.6 94.7-181.8 181.9-313.0 =313.1

Women =69.1 69.2-145.0 145.1-261.7 =261.8
Vitamin E (mg)

Men =19.7 19.8-24.7 24.8-31.6 =31.7

Women =17.2 17.3-22.9 23.0-28.7 =28.8
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